All the glutamate dehydrogenase activity in developing castor bean endosperm is shown to be located in the mitochondria. The enzyme can not be detected in the plastids, and this is probably not due to the inactivation of an unstable enzyme, since a stable enzyme can be isolated from castor bean leaf chloroplasts. The endosperm mitochondrial glutamate dehydrogenase consists of a series of differently charged forms which stain on polyacrylamide gel electrophoresis with both NAD' and NADP'. The chloroplast and root enzymes differ from the endosperm enzyme on polyacrylamide gel electrophoresis. The amination reaction of all the enzymes is affected by high salt concentrations. For the endosperm enzyme, the ratio of activity with NADH to that with NADPH is 6.3 at 250
GDH3 is found in virtually all living organisms, including most plant tissues, where it has been located in a range of cell fractions. Enzyme forms, differing in their kinetic parameters and specificities with respect to NAD(P)H, have been isolated from mitochondria and chloroplasts of lettuce leaves (13) . PAGE of GDH from etiolated pumpkin cotyledons (2) has shown that different forms of the enzyme are found in the mitochondrial and soluble fractions of the tissue.
Developing soybean cotyledons contain three forms of GDH which can be distinguished by their behavior on PAGE and their capacity to use NAD(H) and NADP(H) (15) . Because of difficulties in the subcellular fractionation ofthe tissue, it was not possible to determine the location of the GDH which is characteristic of the developing seed and which is the only form of the enzyme which shows substantial deaminating activity with NADP+. The other two GDHs present in developing soybean cotyledons have been shown to be mitochondrial and chloroplast enzymes.
Fractionation of developing castor bean endosperm, an extensively studied, oil-producing tissue, can be carried out satisfactorily (19) . This tissue might therefore be used to determine the location of report describes the results of an examination of the distribution and properties of GDH in castor bean endosperm. The GDHs of castor bean leaf chloroplasts and castor bean roots have also been examined. Possible roles for the enzymes are discussed in relation to their locations and kinetic properties.
MATERIALS AND METHODS Plant Materials. Castor bean plants, Ricinus communis L., variety Baker 296 (Baker Castor Oil Company, Plainview, TX), were grown in a greenhouse. Developing seeds were harvested approximately 40 days after pollination as a source of developing castor bean endosperm. Fully expanded, but light green, leaves about 120 mm in diameter were used as a source of chloroplasts. Seedlings harvested about 20 days after planting were used for preparation of the castor bean root enzyme.
Preparation of Glutamate Dehydrogenase from Developing Castor Bean Endosperm, Castor Bean Leaf Chloroplasts, and Castor Bean Roots. All procedures were performed at 4 C. Developing castor bean endosperm (26 g) was homogenized in a mortar with a pestle with sand and 40 ml 45 mm Mes buffer (pH 6.4), containing 0.33 M sorbitol, 10 mm NaCl, 1 mM MgCl2, 1 mM MnCl2, 2 mm EDTA, 0.5 mM KH2PO4, 2 mm ascorbate, and 2 mM DTT. The homogenate was filtered through four layers of cheesecloth and centrifuged at 500g for 5 min. The 5OOg supernatant was centrifuged at 10,000g for 30 min, and the supernatant was discarded. Deribbed castor bean leaves (140 g) were homogenized in a Waring Blendor with 600 ml of the Mes buffer described above for about 40 s. The homogenate was filtered through eight layers of cheesecloth, and the free draining solution was centrifuged at 3,000g for 30 s. The chloroplast pellet was resuspended in 120 ml ofthe original buffer, and the suspension was centrifuged again at 3,000g for 30 s. The supernatant was removed with a pipette and discarded. Chopped castor bean seedling roots (150 g) were homogenized in a Waring Blendor for about 60 s with 200 ml of the Mes buffer described above. The homogenate was filtered through eight layers of cheesecloth and centrifuged at 10,000g for 30 min. The supernatant was discarded.
Acetone powders were prepared from the 10,000g pellet from developing castor bean endosperm (405 mg), and the 3,000g chloroplast pellet from castor bean leaves (320 mg), and the 10,000g pellet from castor bean roots (270 mg), as described by Dennis and Coultate (5).
The acetone powders (100 mg) were homogenized with 7 ml 50 mm Tris-HCl (pH 8.0), and the extracts were centrifuged at 27,000g for 30 min. The 27,000g supernatants were either dialyzed overnight against 100 volumes 50 mm Tris-Tes (pH 8.0) (crude enzyme) or applied to a DEAE-Sephacel column ( ing the change in A at 340 nm resulting from the reduction of NAD(P)+ or the oxidation of NAD(P)H using a Gilford modified Beckman DU spectrophotometer. All assays were carried out in 50 mm Tris-Tes (pH 8.0) in a total volume of 1 ml using reagents prepared in this buffer. Where necessary, rates were corrected for nonspecific NADH oxidase activity by subtraction of the rate of oxidation of nucleotide in the absence of a-ketoglutarate and NH4Cl from the rate for the complete assay mixture. For the determination of GDH in sucrose density gradient fractions, the assay mix contained 300 mm NH4Cl, 12.5 mm a-ketoglutarate, and 100 ,UM NADH. For the location of GDH in the eluate from DEAE-Sephacel columns, the assay mixture contained 250 mM NH4Cl, 10 mm a-ketoglutarate, and 50 tLM NADH. Kinetic assays in both aminating and deaminating directions were carried out with a range of substrate concentrations described in "Results." For assays with a constant chloride ion concentration, NaCl in 50 mM Tris-Tes (pH 8.0) was used to maintain the (NH4CI + NaCl) concentration at 250 mm.
Sucrose Density Gradient Fractionation of Developing Castor Bean Endosperm. Linear sucrose density gradients were prepared with a total volume of 34 ml and a range of sucrose concentration from 20 to 60%o (w/w) buffered with 10 mm Tes-NaOH (pH 7.5) containing 1 mM MgCl2. Castor bean endosperm (12.5 g) was homogenized gently with a little sand and 20 ml 0.1 M K-phosphate (pH 7.5), containing 0.5 M sucrose and 1 mM MgCl2. The creamy homogenate was strained through four layers of cheesecloth and centrifuged at 500g for 5 min. The 500g supernatant was centrifuged at 10,000g for 30 min, and the pellet was resuspended in 4 ml of the sucrose-phosphate buffer. One-ml aliquots of this suspension were layered onto the sucrose gradients which were centrifuged at 27,000 rpm in an SW27 rotor in a Spinco L-2 type D ultracentrifuge. The gradients were fractionated into 2-ml samples and assayed for GDH and marker enzymes. SDH and TPI were assayed spectrophotometrically, as described by Reid et al. (10, 20) . Refractive index measurements were used to determine the density of the gradient fractions. Protein was determined by Coomassie-blue dye-binding, using y-globulin as standard (1) .
Polyacrylamide Gel Electrophoresis. PAGE was carried out, as described by Davis (3), using gels of varying concentration. For routine assay of castor bean GDHs, 4% gels were used. Experiments to determine whether the multiple bands observed differed in charge or size (9) were carried out with gel concentrations in the range of 3 to 5.5%. Gels were stained for GDH activity (6) with 50 mm glutamate, NAD(P)+ (0.5 mg/ml), NBT (0.25 mg/ ml), and PMS (0.025 mg/ml) in 50 mM Tris-HCl (pH 8.8) and fixed with 7% (v/v) acetic acid.
RESULTS
Sucrose Density Gradient Fractionatdon. The results of sucrose density gradient fractionation of a 10,000g pellet from developing castor bean endosperm are shown in Figure 1 . GDH was located at a density of 1.18 g/ml and was coincident with mitochondrial SDH. Only 3% of the total GDH and SDH were found in the fraction of the gradient identified as the location of the plastid fraction ofthe castor bean endosperm by the presence of the major peak of TPI (at a density of 1.25 g/ml). The soluble region at the top of the gradient (density 1.09 g/ml) contained 7% of the GDH activity. PAGE of the GDH located at 1.25 g/ml showed a pattern identical with that of the major GDH peak at 1.18 g/ml and confirms that all of the particulate GDH in the developing castor bean endosperm is located in the mitochondria. PAGE of the enzyme in the soluble region of the gradient and the low levels of activity in the 10,000g supematant of the castor bean endosperm preparation showed a pattern identical with the mitochondrial enzyme and indicates that the whole of the castor bean endosperm GDH is mitochondrial. reaction, VmXlx was increased at low NH4' concentrations. Maximum velocities determined for the amination reaction were at least 40 times greater than they were in the deaminating direction at pH 8.0. Km values for glutamate and NAD(P)+ are reported in Table I . Table I .
DISCUSSION
The results presented in Figure 1 show that the whole of the GDH activity of developing castor bean endosperm is in the mitochondria. It was not possible to detect GDH in the endosperm plastids, nor was there any evidence of a form of GDH characteristic of the developing seed, as there is in developing soybean cotyledons (15) . It has been shown that the plastid PK is much less stable than the cytosolic form of the enzyme (4) . The plastid PK is similar to the chloroplast PK in its requirement for DTT or 2-mercaptoethanol for stability (11) . GDH was prepared from castor bean leaf chloroplasts and was stable under conditions used to isolate the endosperm mitochondrial enzyme. This suggests that the failure to detect GDH in the plastid is a consequence of the absence of the enzyme from the organelle and does not result from the rapid inactivation of an unstable enzyme. The GDH of chlorophsts is known to be located in the thylakoids (14) , and may, therefore, have a role in the protection of the photophosphorylation mechanism against levels of NH4' known to act as uncouplers (12) . The absence of GDH from the plastids of developing castor bean endosperm may be due to the fact that they are mature organelles specialized for fatty acid biosynthesis (11) . They never develop the apparatus for photophosphorylation, and, consequently, do not require a mechanism to prevent uncoupling.
The three castor bean GDHs described here have similar mol wts, and each shows a series of bands on PAGE. However, the range of mobilities of the multiple forms of the three enzymes differs, and the endosperm mitochondrial enzyme differs from the root enzyme in its capacity to use NADP+ in the deaminating direction. The pea seed GDH, which has been purified to homogeneity, is specific for NAD+ in deamination and consists of a series of seven differently charged forms (22) .
The Km values presented in Table I (18) . However, the Km for MgATP is 0.14 to 0.65 mt, depending on the glutamate concentration (18) . Known ATP levels in chloroplasts (21) suggest that ATP could limit NH4, incorporation by GS, whereas chloroplast concentrations of reduced nucleotides (8) would enable NH4' assimilation by GDH to proceed without restriction.
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